Patients with end-stage renal disease (ESRD) show a high incidence of bacterial translocation and impaired gastrointestinal motility. The intestinal tract is believed to be the most crucial source of translocated bacteria. To evaluate the risk of colonic diverticulitis in patients with ESRD, we conducted a nationwide population-based cohort study. Patients who met the following 3 criteria were defined as patients with ESRD: patients diagnosed with ESRD who received regular hemodialysis between 2000 and 2005, patients who received hemodialysis for more than 90% of the time during the observation period (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011), and patients with no prior history of hemodialysis between 1997 and 1999. We matched every patient with ESRD with 1 matched control on the basis of propensity scores. The first diagnosis of diverticulitis (ICD-9-CM codes 562.11 and 562.13) within the follow-up period was defined as the primary endpoint. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated using the patients in the control group as the reference. We included 32,547 and 32,547 patients in the ESRD and matched control cohorts, respectively. The 12-year cumulative incidence of acute colonic diverticulitis for patients with ESRD was significantly higher than that for the controls (P < 0.001). After adjustment for age, sex, comorbidities, and medication use, the HR of acute colonic diverticulitis in the ESRD cohort was 11.20 times greater than that in the control cohort (95% CI: 8.14-15.42). The results indicated that patients with ESRD are at an increased risk for acute colonic diverticulitis.
Introduction
Mucosal and submucosal herniations via the circular muscular layer cause diverticulosis. [1, 2] Both asymptomatic and symptomatic presentations increase in diverticulosis. [2] However, few diverticulosis patients develop diverticulitis in Western and Asian populations. [3, 4] The risk factors for diverticulitis include physical inactivity, constipation, obesity, smoking, and nonsteroidal antiinflammatory drug (NSAID) use. [5] Obstruction at the neck of the diverticulum, low-grade inflammation, and bacterial translocation (BT) result in diverticulitis. Bacterial overgrowth is due to stasis or obstruction in the narrow-necked diverticulum. [6] Recent findings suggest that diverticulitis may be related to long-term alterations in the patient's diet and microecology. [7] BT occurs in patients with endstage renal disease (ESRD). [8] In 1 study, gastrointestinal motility was impaired in patients with ESRD. [9] Certain studies have revealed that the guts of patients with ESRD and uremic animals exhibit similar damage to the mechanical barriers, such as conspicuous mucosal edema and erosion. [10, 11] The intestinal tract is considered the most crucial source of translocated bacteria. [12] No large population-based studies have evaluated the occurrence of colonic diverticulitis on the basis of the presence of comorbidities and medication administered in patients with ESRD and their respective controls. We conducted a nationwide population-based cohort study to investigate the association Editor: Eva Zapata.
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between ESRD and diverticulitis by using data obtained from the Taiwan National Health Insurance Research Database (NHIRD).
Materials and methods

Ethical considerations
The NHIRD is a secondary database. The identities of patients in the database were scrambled before the data were released for research purposes. Patient records and information were anonymized and deidentified before analysis. This study was approved by the NHRI and the Institutional Review Board (IRB) of Taipei City Hospital (IRB No.: TCHIRB-1021102-E). The IRB waived the requirement of written consent.
Data source
This nationwide cohort study was based on patient data obtained from the NHIRD, which is managed by the Taiwan National Health Research Institute (NHRI). The NHIRD contains health care data on 99% of the Taiwanese population (approximately 23 million people). We used the International Classifications of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to define the diseases. The NHIRD contains comprehensive information, including demographic data, dates of clinical visits, diagnostic codes, and details of prescriptions.
Study population
In Taiwan, patients with ESRD requiring dialysis can apply for a catastrophic illness card. Patients in the NHIRD meeting the following 3 criteria were defined as patients with newly diagnosed ESRD: patients diagnosed with ESRD receiving regular hemodialysis between 2000 and 2005 (half the whole 12-year observation period) and excluding emergent hemodialysis without ESRD, patients receiving hemodialysis (excluding peritoneal dialysis) for more than 90% of the time during the observation period (2000-2011), and patients with no prior history of hemodialysis between 1997 and 1999. Patients with no chronic kidney disease (CKD) in their inpatient records or in the ambulatory care claims between 1997 and 2011 were defined as the cohort members group. The following ICD-9-CM codes denoted CKD: 580 to 589, 250. 4 
Study cohorts
Among the eligible patients, patients younger than 20 years and patients diagnosed with colonic diverticulitis before 2000 were excluded from the study. Patients diagnosed with colon cancer, celiac disease, or inflammatory bowel disease (IBD), and patients who underwent kidney transplantation during the observation period (1997-2011) were also excluded. In addition, patients who underwent colectomy before the event were excluded. The demographic data of patients in the ESRD and control cohorts were first compared. Subsequently, each patient with ESRD was matched with 1 control on the basis of propensity scores. Figure 1 illustrates a flow chart of the patient selection process.
Assessing cofounders and covariates
The propensity score was calculated using logistic regression as described by Rosenbaum and Rubin. [13] The mean and median propensity scores were compared between the 2 cohorts. All diseases included in the Charlson comorbidity index were analyzed. [14] Age, gender, comorbidities, and Charlson score were included in the propensity score. Conditions that required inpatient care between January 1, 1997, and December 31, 2011, were defined as comorbidities in our study. The comorbidities identified in our cohort and their corresponding ICD-9-CM diagnosis codes are listed as follows: diabetes mellitus (DM; ICD-9-CM code 250), coronary artery disease (CAD; ICD-9-CM codes 410-414), congestive heart failure (CHF; ICD-9-CM code 428), cerebral vascular disease (CVD; ICD-9-CM codes 430-438), dyslipidemia (ICD-9-CM code 272.xx), liver cirrhosis (ICD-9-CM codes 571.2, 571.5, and 571.6), and chronic obstructive pulmonary disease (COPD; ICD-9-CM codes 490-492, 494, and 496). Certain drugs that may alter the risk of diverticulitis, such as aspirin, NSAIDs, cyclooxygenase-2-specific inhibitors, steroids, and laxative drugs, were analyzed. Exposure to these drugs was defined as the frequency of exposure for more than 10% of the observation period (1997-2011).
End point
All inpatient records for each patient in the propensity score matched ESRD and control cohorts were followed up until the occurrence of acute colonic diverticulitis (the top 3 diagnoses), death, or the end of 2011. The colonic diverticulitis was diagnosed after undergoing computed tomography (CT), magnetic resonance imaging (MRI), colonoscopy, or barium radiological examination. The date of the first diagnosis of colonic diverticulitis (ICD-9-CM codes 562.11 and 562.13) within the follow-up period was defined as the primary endpoint.
Statistical analysis
The Chi-square test and Student t test were used to examine the differences in the demographic variables, comorbidities, and propensity scores between the ESRD and control cohorts. Stratified Cox proportional hazard regression analysis on age, gender, comorbidities, Charlson score, and medications was used to estimate the effect of ESRD on the occurrence of acute colonic diverticulitis. An alpha level of 0.05 was considered statistically significant for all analyses. Cumulative incidence analyses were performed using the Kaplan-Meier method, and the differences between the curves were calculated using the 2-tailed log rank test. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated using patients in the control cohort as the reference. Models with adjusted variables are presented. All statistical analyses were performed using the SAS System for Windows, Version 9.2 (SAS Institute, Cary, NC).
Results
Demographic characteristics
We first selected 41,739 patients diagnosed with ESRD and 607,914 cohort members from 2000 to 2005. Table 1 lists the demographic data, including age, sex, comorbidities, and medications. The original propensity scores of the controls (mean, 0.07) were significantly lower than those of patients with ESRD (mean, 0.39) (P < 0.001). We used propensity scores to match 1 patient in the ESRD cohort with 1 patient in the matched control cohort. The 2 groups had comparable distributions of propensity scores after the patients were matched. We included a Chang et al. Medicine (2016) 95:39 www.md-journal.com total of 32,547 patients in the ESRD cohort and 32,547 patients in the matched control cohort ( Table 2 ). The mean follow-up durations for the ESRD and matched control cohorts were 6.08 and 9.57 years, respectively. The incidence of acute colonic diverticulitis was significantly higher in the ESRD cohort [n = 134 (0.41%)] than in the control cohort [n = 27 (0.08%)] (Table 2 ). In addition, the overall all-cause 3-month mortality cumulative incidence in the ESRD cohort (n = 13) was significantly higher than that in the control cohort (n = 3). The number of patients who underwent surgery for acute colonic diverticulitis was higher in the ESRD cohort than in the control cohort (8 vs 0, respectively). Drainage therapy for acute colonic diverticulitis was performed for 7 patients in the ESRD cohort and 1 patient in the control cohort (data not shown).
Acute colonic diverticulitis (12-year cumulative incidence)
The 1-year and 5-year cumulative incidences of acute colonic diverticulitis were significantly higher in the ESRD cohort than in the control cohort (1 year: 0.065% vs 0.006%, P < 0.001; 5 years: 0.522% vs 0.055%, P < 0.001) (data not shown). In addition, the 12-year cumulative incidence of acute colonic diverticulitis was higher in the ESRD cohort than in the control cohort (P < 0.001) (Fig. 2) .
Risk factors of symptomatic colonic diverticulitis in the study population
After adjustment for age, sex, the presence of comorbidities, and medication use, the HR of acute colonic diverticulitis in the ESRD cohort was 11.20 times greater (95% CI: 8.14-15.42) ( (Table 3) .
Multivariate stratified analysis
The results of a multivariate analysis stratified by age, gender, comorbidities, Charlson score, and medications are illustrated in Fig. 3 . In each stratum, ESRD was significantly associated with high risks of acute colonic diverticulitis, regardless of age, sex, the presence or absence of comorbidities, the Charlson comorbidity index score, and medications. Exposure to these medications was defined as the frequency of use of more than 10% duration during the observation period. CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, COX-2 inhibitors = cyclooxygenase-2 specific inhibitors, CVD = cerebral vascular disease, ESRD = end-stage renal disease, IQR = interquartile range, N = number, NSAIDs = nonsteroidal anti-inflammatory drugs, SD = standard deviation.
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Discussion
The results of this population-based cohort study show that patients with ESRD are associated with an increased risk of acute colonic diverticulitis. After adjusting for multiple confounding factors, we observed that patients in the ESRD cohort were associated with an adjusted HR of 11.20 for acute colonic diverticulitis compared with those in the matched control cohort.
In the stratified analysis, we found that ESRD was associated with a significantly increased risk of acute colonic diverticulitis regardless of comorbidities and medications. The association between ESRD and an increased risk of diverticulitis was observed in all subgroups of patients with ESRD. This current study shows that ESRD, old age, CAD, liver cirrhosis, Charlson score more than 3, and steroid use are crucial risk factors of acute colonic diverticulitis. The impact of ESRD was higher than that of the other factors. Scheff et al [15] reported that patients with chronic renal failure (CRF) caused by polycystic kidney disease (PCKD) had a high incidence of diverticulosis and diverticulitis, but no such association was observed for diverticulitis in patients with non-PCKD CRF. Therefore, Scheff et al [15] recommended that diverticulitis be an initial consideration in the differential diagnosis of abdominal pain in patients with PCKD. The previous study enrolled a low number of patients receiving hemodialysis (n = 151). By contrast, the current study was a nationwide 12-year longitudinal study that enrolled a high number (n = 32,547) of patients receiving hemodialysis and focused on acute colonic diverticulitis in patients with ESRD.
Wang et al [16] proposed that immune defense system suppression occurs in ESRD and that the mechanisms of BT are gastrointestinal microflora alteration, gut mucosal barrier disruption, and host defense impairment. Our current study confirmed the high risk of acute colonic diverticulitis in patients with ESRD. These results are of clinical value and significance. Previous studies have reported that in clinical practice, probiotics use and digestive tract decontamination with antibiotics may alleviate BT in inflammatory diseases. [17, 18] Therefore, conducting a prospective randomized controlled study to elucidate whether microinflammation mitigation through antibiotics or probiotics can reduce acute colonic diverticulitis in patients with ESRD is warranted.
Our observations are consistent with those of previous reports regarding the role of old age and steroid use in diverticulitis. Comparato et al [19] reported that people younger than 40 years seldom suffer from diverticulitis, and the incidence increases to 65% in people older than 65 years. Chapman et al [20] determined that steroid use increased perforation rates and mortality in complicated diverticulitis patients. A low-fiber diet and high-fat food, which are risk factors of colonic diverticulitis, were associated with an Table 2 Demographic characteristics of ESRD and matched control cohort after propensity score matching.
ESRD cohort
Matched control 6.08 ± 3.2 9.57 ± 3.67 CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, COX-2 inhibitors = cyclooxygenase-2 specific inhibitors, DM = diabetes mellitus, ESRD = endstage renal disease, IQR = interquartile range, NSAIDs = nonsteroidal anti-inflammatory drugs, SD = standard deviation.
Chang et al. Medicine (2016) 95:39 www.md-journal.com increased risk of CAD. Gut flora and BT play crucial roles in the pathogenesis of cirrhosis-related complications. Alteration of intestinal flora and mucosal barrier function cause BT in cirrhosis. [21] Therefore, a prospective randomized controlled study must be performed to evaluate whether CAD and liver cirrhosis increase the risk of acute colonic diverticulitis, with or without the presence of obesity and comorbidities.
Diverticulitis is an acute illness and generally does not progress but rather resolves; therefore, we analyzed only hospitalization cases for acute colonic diverticulitis by using inpatient databases. 95% CI = 95% confidence interval, CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, COX-2 inhibitors = cyclooxygenase-2 specific inhibitors, DM = diabetes mellitus, ESRD = end-stage renal disease, HR = hazard ratio, NSAIDs = nonsteroidal anti-inflammatory drugs.
Chang et al. Medicine (2016) Not only symptomatic uncomplicated diverticular disease but also complicated diverticulitis, patients contracting with diverticulitis, and failing in outpatient therapy or unable to tolerate oral intake are our endpoint. The cases diagnosed in emergency department without admission is not our endpoint. Although imaging results are not available in the NHIRD, ICD-9-CM coding was strictly audited to verify diagnosis for the reimbursement purpose by the Bureau of NHI. In the present study, unmeasurable bias may have existed. We analyzed the propensity scores for comparing the 2 cohorts. Propensity score matching was applied to select comparable controls to imitate a randomized clinical trial. Although we used all potential confounders in the model to create a propensity score, there were some significant differences in the distributions, such as those of age, sex, DM, CHF, CVD, COPD, and medications. The large sample size in the present study may be the reason for the statistical significance. For example, the difference in the number of male patients in the ESRD and control cohorts (48.98% vs 50.19%) and the difference in steroid use in the ESRD and control cohorts (6.51% vs 6.05%) were statistically significant, but may not be clinically significant.
This study had several limitations. First, some factors, such as the patients' lifestyle, dietary habits (particularly, fiber intake), [22] body mass index, [23] and smoking [24] could not be adjusted. However, we performed a multivariate analysis to adjust for potential confounders and to examine the risk of acute colonic diverticulitis in different strata. Although unmeasured confounders may still have existed, we believe that the methodology used in the present study is robust. Second, in addition, the locations of diverticulitis are unavailable in the NHIRD. Left-sided diverticular disease is most commonly observed in western populations. Diverticulosis in Asia is predominantly a right-sided phenomenon and that right-sided diverticulitis differs from left-sided disease (less severe presentation, rarely complicated). Therefore, these results may not be generalizable to western populations where right-sided diverticulitis is uncommon. Third, we did not have data regarding the severity of diverticulitis graded according to Hinchey criteria. Finally, patients contracting with colonic diverticulitis may admit for elective surgery followed multiple attacks. Such cases should have been excluded. Only 8 cases underwent surgery in the ESRD cohort; therefore, sensitivity analysis with worst case scenario will not bias our result.
In conclusion, our results provide evidence to support the view that patients with ESRD are at an increased risk of acute colonic diverticulitis. Close attention should be paid to patients with ESRD who contract diverticulitis to prevent life-threatening events. We recommend that physicians be highly vigilant for acute colonic diverticulitis and initiate early intervention to reduce morbidity and mortality in patients with ESRD experiencing abdominal pain or discomfort.
